The cycad genus Dioon (Zamiaceae) was described by J. Lindley in the 19 th century, but most species were discovered during the late 1970s through the mid-1980s. Despite recent efforts to clarify the actual species diversity within the genus, the definition of some species is still problematic. The northernmost populations of the cycad genus Dioon in northwestern Mexico are currently recognised as Dioon sonorense, but important variation among populations has been suggested by multiple authors, and the definition of what is D. sonorense remains unclear. Documented evidence on leaf and leaflet morphology, cuticular and epidermal anatomy, and population genetics across the populations of D. sonorense, as currently circumscribed, suggest that the taxon contains two biological units that should be taxonomically distinguished, given their importance for systematics and conservation. Here we highlight that 1) D. sonorense is defined by the variation exhibited only in populations from southern Sonora and northern Sinaloa, Mexico; 2) the northernmost populations of Dioon in northwestern Mexico represent a new taxon that we describe as Dioon vovidesii. We also discuss the implications of this reassessment for cycad systematics and conservation.
Introduction
The genus Dioon Lindley (1843: 59-60 ; Cycadales, Zamiaceae) includes 15 accepted species of Neotropical cycads, 14 from Mexico and one from Honduras (Calonje et al. 2018) . Dioon was described by John Lindley with D. edule Lindley (1843: 59-60) as the type species, followed by the recognition of few new species up until the mid 20 th century (Miquel 1847 , Eichler 1883 , Rose 1909 , Standley & Williams 1951 . Exhaustive expeditions by botanists from the University of Naples during late 70's and early 80's doubled the number of described Dioon species (De Luca & Sabato 1979 , De Luca et al. 1980a , 1980b , 1981a , 1981b , 1982 , 1984 , and more recent explorations have contributed with an increasing number of known species (Gregory et al. 2003; Nicolalde-Morejón et al. 2009; Salas-Morales et al. 2016 ). Yet, recent studies suggest that further explorations and research would recognise a higher species diversity within Dioon (Gutiérrez-Ortega et al. 2018a , 2018b .
During the discovery history of Dioon species, the definition of taxa has been problematic in some species groups. For example, in Eastern Mexico, De Luca et al. (1982) suggested that D. edule should comprise D. angustifolium Miquel (1847: 37-38) as a variety (D. edule var. angustifolium), but the studies by González-Astorga et al. (2003a , 2003b provided sufficient genetic and morphological evidence to recognise D. angustifolium as a valid species. Similarly, De Luca et al. (1984) described D. tomasellii De Luca, Sabato & Vázquez-Torres (1984: 225-227) with two varieties, D. tomasellii var. tomasellii and D. tomasellii var. sonorense, but Chemnick et al. (1997) provided qualitative information to elevate their rank from variety to species, resulting in the erection of D. tomasellii and D. sonorense (De Luca, Sabato & Vázquez-Torres) Chemnick, Gregory & Salas-Morales (1997: 1-6) . However, although the proposal of Chemnick et al. (1997) Luca et al. (1984) , in spite that multiple authors (Sabato & De Luca 1985 , Whitelock 2002 , Gutiérrez-Ortega et al. 2014 , 2018c have reported important morphological variation among populations. During our field surveys in Sonora, Mexico, we confirmed such variation, especially when comparing the extremes of the distributional ranges of D. sonorense. Leaf traits, such as the length and width, and angle of insertion of leaflets along the rachis appeared to be distinctive among populations. Thus, the aim of this study is to gather all evidence we have produced in order to reassess the diversity of D. sonorense in northwestern Mexico. 
Species delimitation
We have accumulated evidence from macromorphology, micromorphology, population genetics, phylogeography and climatic data suggesting that Dioon sonorense (sensu Chemnick et al. 1997 ) actually consists of two evolutionary units that show significant divergence to justify a taxonomic distinction between them. In recent studies (Gutiérrez-Ortega et al. 2014 , 2018c , we noticed that Dioon populations in Sonora, Mexico, can be grouped according to their habitat associated to geographic distribution. According to the classification of Rzedowski & Huerta (1978) , the southern populations occur within the range of the seasonal dry tropical forests of the Floristic Province of the Pacific seaboard of Western Mexico, whereas northern populations co-occur with xerophile scrubland vegetation of the Sonoran Desert Floristic Province of the northwest Pacific seaboard (Gutiérrez-Ortega et al. 2018c ). This geographic separation was consistent with the variation of leaf and leaflet morphometry. Twelve out of 16 traits were significantly differentiated between the two geographic regions. Northern region plants are generally larger ( Fig. 1A and E), with longer leaves and longer leaflets than the southern plants ( Fig. 1B and F) . In northern plants, mid leaflets are inserted at the rachis at more acute angles than in the southern plants ( Fig. 1B and F) . In addition, northern plants show subglobose to globose microstrobili and megastrobili, whereas the southern ones are longer and narrower ( Fig. 1 C-D and G-H). Anatomically, we found striking evidence suggesting that epidermal variation distinguishes the two geographic groups (Gutiérrez-Ortega et al. 2018c) . Seven out of nine anatomical traits showed significant differentiation. Northern plants showed thicker epidermal cuticles, more layers of hypodermis and girder sclerenchyma, and deeper epistomatal chambers than the southern plants.
We have also evaluated the patterns of genetic variation among the Dioon populations in northwestern Mexico. The variation of chloroplast DNA (cpDNA) revealed two haplotypes (Gutiérrez-Ortega et al. 2014 , 2018a . One haplotype represents the populations from the Municipality of Álamos, Sonora, and the area of Río Fuerte in Northern Sinaloa; another haplotype is present in the populations from Municipality of Rosario to Sierra de Mazatán in central Sonora (Gutiérrez-Ortega et al. 2014 , 2018c . This cpDNA differentiation was also tested with population genetic methods (Gutiérrez-Ortega et al. 2018c) . We produced a dataset of 389 single nucleotide polymorphisms (SNPs) retrieved with the MIG-seq method (Suyama & Matsuki 2015) and evaluated genetic structure with the Structure v. 2.3.3 software (Pritchard et al. 2010) . This approach resulted in two well-recognized clusters corresponding to both cpDNA haplotypes (Gutiérrez-Ortega et al. 2018c) .
Given the multiple sources of evidence that indicate a clear differentiation between the northern and southern populations of Dioon in Sonora, we confirm that D. sonorense sensu Chemnick et al. (1997) , which is based on the holotype of D. tomasellii var. sonorense (De Luca et al. 1984) from Álamos, Sonora, circumscribes the traits occurring only in populations from southern Sonora and northern Sinaloa, Mexico. Therefore, the northernmost populations of Dioon in northwestern Mexico should be recognised as a new species that we describe as Dioon vovidesii.
Dioon vovidesii Gutiérrez-Ortega & Pérez-Farrera, sp. nov. (Fig. 2) . Rupicolous plant. Stem cylindrical, covered with persistent leaf bases, arborescent up to ca. 140 cm tall, 19.73-36.09 cm in diameter, erect, sometimes decumbent. Some stem branching when old. Leaves numerous forming an apical crown, erect, ascendant, olive green, 13-39 leaves per crown, 61-132.5 cm long, 11.3-30 cm wide, slightly pruinous, papyraceus when young or immature, rigid to coriaceous, ascendant when mature. Petiole 2.5-11 cm long, unarmed, semiterete to subterete, tomentose to pubescent at the base, tomentum light-brown. Rachis semiterete to subterete, erect, 58.2-127.3 cm long, yellow. Leaflets opposite to subopposite, non-imbricate, inserted at 80-50º (median = 65º) angle at mid-section of rachis, 59-100 pairs, linear to linear-lanceolate, 2-3 prickles on the distal margin and 1 or rarely 2 prickles on the proximal margin, 7.5-16.5 cm long, 3.66-7 cm wide in the median part of leaf, coriaceous, lemon green on the adaxial surface, olive green on the abaxial, 8-11 veins, inter-vein distance 0.26-0.48mm. Microstrobilus solitary, globose to subglobose, erect, whitish, tomentose, when emerging, light-brown when mature, 14.9-15 cm long, 8.80-9 cm diameter, peduncle densely tomentose, 4.8-5 cm long, 1.96-2 cm diameter. Microsporophyll cuneate, distal portion deltate to triangular, ascendant, 20.57-24.04 mm long, 7.19-8.58 mm wide, mucron 8.91-9.82 mm wide at the base, sporangia zone on abaxial surface 12.23-15.68 mm long, microsporangia grouped in sori of 3-6. Megastrobilus ovoid, solitary, 27-30 cm long, 17-21 cm diameter, lanose, peduncle tomentose, 4-5 cm long, 4-5 cm in diameter. Megasporophylls spirally arranged on cone axis, distal portion triangular, tomentose, except in the apical part, apex acuminate, 8.5-9 cm long, 5.2-6 cm wide in the base, the apical sporophylls are loosely appressed against the cone. Seed ovoid, sarcotesta cream when immature, orange-brown when mature, sclerotesta beige, micropylar ridges absent, 28.87-30.61 mm × 21-25.16 mm. Habitat description:-Dioon vovidesii occurs in rocky granitic outcrops in the transition between arid scrublands and subtropical scrublands dominated by Bursera laxiflora Watson (1889: 44) , Bursera fagaroides (Kunth) Engler (1880: 44) , Fouquieria macdougalii Nash (1903: 454-455) , Ceiba acuminata (S.Watson) Rose (1905: 320-321) , Croton flavescens Greenman (1903: 81) , Erythrina flabelliformis Kearney (1894: 32-33) , Coryphantha recurvata (Engelm.) Britton & Rose (1923: 27-28) , Guaiacum coulteri Gray (1855: 312) , Agave angustifolia Haworth (1812: 72) , Acacia russelliana (Britton & Rose) Lundell (1940: 7) , Euphorbia colletioides Bentham (1844: 163) , Senecio carlomasonii Turner & Barkley (1989: 390) , Tephrosia thurberi (Rydb.) Wood (1949: 265-267) , Dalea exserta (Rydb.) Gentry (1942: 138) , Dasylirion wheeleri Watson (1879: 249) , and Nolina microcarpa Watson (1879: 247) , between 400 to 1150 m altitude. Climate classification is semidry, hot with summer rains and cool winters; Köppen classification BS 1 (h')hw or BS 1 hw(x') (García 2004) . Northernmost populations occur in oak forests composed by Quercus chihuahuensis Trelease (1924: 85) , Quercus oblongifolia Torrey (1853: 173) , and Quercus tuberculata Liebmann (1854: 181) .
Etymology:-This species is named in honour of Andrew P. Vovides, for his great contribution in the fields of systematics, ecology and conservation of Mexican cycads, and his courageous dedication for the creation and preservation of the Mexican National Cycad Collection in the Francisco J. Clavijero Botanic Garden, Xalapa, Mexico.
Key to the Dioon species in northwestern Mexico
Leaflets inserted to rachis ca. 
Discussion
The definition of Dioon sonorense, as circumscribed by the holotype of D. tomasellii var. sonorense (De Luca et al. 1984) , and the basionym description of Chemnick et al. (1997) excluded the variation occurring in the northern populations of Dioon in Sonora. Therefore, here we present accumulated evidence to justify the recognition of northernmost populations as a new species, Dioon vovidesii. The most conspicuous and accessible character distinguishing D. vovidesii from D. sonorense is the acute angle of insertion of mid leaflets in respect to the rachis. This characteristic was mentioned by Sabato and De Luca (1985) and Whitelock (2002) , and here, we confirm that the angle of insertion is consistent among these plants. Additionally, we confirm that the sizes of both the male and female strobili are mostly homogeneous across populations.
We also support the idea that epidermal anatomical methods have been promising approaches for facilitating species delimitations in cycads (Vovides et al. 2012 (Vovides et al. , 2018 Pérez-Farrera et al. 2014 . We evaluated the epidermal variation of Dioon in Sonora to understand the phenotypic response to climate variation, since Sonoran plants occur along a latitudinal gradient. As expected, those anatomical traits were found to be differentiated between climatic regions (Gutiérrez-Ortega et al. 2018c) and distinguish the two species reported here. We have proposed that the process that gave rise to D. vovidesii might be related to adaptation to arid zones in central Sonora (Gutiérrez-Ortega et al. 2018b) .
Genetic data were also consistent with the morphological, anatomical, geographic and habitat differentiations. Each species shows an exclusive haplotype from the variation of the trnL-F intergenic region of the cpDNA (Gutiérrez-Ortega et al. 2014) . The genetic structure can also be noticed from clustering analyses by using genomic SNPs (Gutiérrez-Ortega et al. 2018c) . The genetic structure that separated the two species is especially robust when loci under selection are considered. These results are subjected to the idea that new cycad species descriptions should show a testable evolutionary significance (Walters et al. 2004) . Concordantly, we suggest that future cycad species descriptions should also be rigorously evaluated by using multiple segregation tests and in consideration of neighbouring or sympatric species.
We highlight that cycad species descriptions may bring conservation implications. In this case, D. sonorense (sensu Chemnick et al. 1997 ) is already included in conservation programs of the "Área de Protección de Flora y Fauna Sierra de Álamos-Río Cuchujaqui". However, the recognition of D. vovidesii reduces the number of populations of what conservation programs currently recognise as D. sonorense. We recommend maintaining the status of D. sonorense as Endangered A2ce+4c; C1 (Chemnick & Gregory 2010) in the IUCN (International Union for Conservation of Nature) Red List, as we believe that conservation programs of CONANP (Comisión Nacional de Áreas Naturales Protegidas, Mexico) are effective for the preservation of their populations. Moreover, we suggest that D. vovidesii should also be considered as endangered (A2ce+4c; C1), since most populations are apparently being affected by illegal collecting and climate change, especially the populations in the municipalities of Soyopa, Bacanora, and Rosario, Sonora. In these populations, we mostly found depauperate immature plants, suggesting that populations are senescent and were strongly impacted by illegal collecting and destruction of plants in the past. Therefore, we strongly recommend the consideration of the Sierra de Mazatán mountains in future programs for the conservation of the northernmost populations of D. vovidesii.
